Abstract A population-based cohort study was conducted in Shanghai, China, to investigate the relationship between family cancer history in first-degree relatives and risk of breast cancer. A total of 570 newly diagnosed breast cancer patients were identified from the cohort of 73,222 women during the follow-up period. Breast cancer risk was elevated (RR = 1.74, 95% CI: 1.10-2.73) for those with a family history of breast cancer and the risk was stronger for women who were younger than 55 years (RR = 2.07, 95% CI: 1.17-3.64). In addition, a significantly increased risk was observed for women with a family history of leukemia (RR = 2.06; 95% CI: 1.02-4.15) and among younger women, those who reported having a family history of any cancer (RR = 1.41, 95% CI: 1.10-1.82), lung cancer (RR = 1.72, 95% CI: 1.12-2.65), and esophageal cancer (RR = 2.99, 95% CI: 1.62-5.51). This cohort study suggests that, as previously observed in high risk populations, family history plays an important role in breast cancer also in a low risk population. The link between breast cancer risk and family history of cancers of the lung and esophagus, as well as leukemia, warrants further investigation.
Introduction
Breast cancer is the most common malignancy among women in the United States and most other Western countries [3] . The incidence rates, are on average, three times lower in less developed countries [20, 33] . In China, breast cancer incidence is nearly six times lower than in the United States, but the incidence rate has increased substantially from 1987 to 1999 [40] . Shanghai, the largest industrial city on the east coast of China, demonstrated a 40% increase in breast cancer incidence from 1975 (19.6 per 100,000) to 1997 (27.2 per 100,000) [14, 33] . Changing environmental exposures are likely to have contributed to the increase in breast cancer incidence in China [33] .
On the other hand, family history is well-recognized as a strong risk factor for female breast cancer [9, 11, 17, 22, 26, 28] . Most previous studies have shown that having a first-degree relative with breast cancer approximately doubles the risk of the disease [2, 6, 9, 11, 22, 26-28, 32, 34] , although the relative risk estimates range from 1.2 to 8.8 [5, 19, 38] . However, the relationship between family history of other malignancies and the risk of breast cancer is unclear.
The Shanghai Women's Health Study (SWHS) is a prospective, population-based cohort study with detailed questions on environmental risk factors and family cancer history. To the extent that the relative contributions of environment and genetic predisposition may differ among populations, exploring these risk factors in this low-risk population may provide new insights into the etiology of breast cancer. Herein, we examine the role of family cancer history in relation to breast cancer risk.
Methods

Study population
A detailed description of SWHS population has been published elsewhere [41] . Briefly, a roster of 81,170 women aged 40-70 years was obtained from the resident offices in seven communities located in urban Shanghai, China. A total of 75,221 (92.7%) women participated in the study and completed baseline surveys between 1996 and 2000. Of these women, we excluded 279 who were found to be younger than age 40 or older than age 70 years and 1,490 women who had various malignancies at the baseline interview, and 10 women who were diagnosed as cancer patients within one month after the baseline interview from the cohort. The remaining cohort of 73,222 women was followed through December 2005.
Follow-up and data collection
The first follow-up interview was conducted in 2000-2002, the second was conducted in [2002] [2003] [2004] , and the third follow-up interview was conducted from 2004 to 2007. A standardized and structured questionnaire was used to update information on environmental and lifestyle factors, as well as interim health history, including cancer, cardiovascular disease, stroke, bone fracture, and other chronic diseases. Incident cancer cases were also ascertained through the Shanghai Cancer Registry, which is legally mandated in Shanghai, China. Information on date of diagnosis and hospital location was collected. Medical charts and pathology slides were collected from diagnostic hospital to verify the cancer diagnosis. For subjects who had moved, the new address was requested from the neighborhood Community Office, local police department, or the Shanghai Resident Registry. Death certificate data from the Shanghai Vital Statistics Unit was collected to identify causes of death.
Information on family cancer history in first-degree relatives was collected during the baseline survey. Each subject was asked to report whether their family members, including parents, siblings and children, had ever been diagnosed with cancer, if so, further information was obtained on which family member, what type of cancer, and when the cancer was diagnosed. In addition, information on demographic factors, active and passive smoking, dietary intakes, and other exposures were collected in the baseline survey.
Statistical analysis
Person-years for each subject were calculated from the date of enrollment to the primary endpoint (diagnosis of cancer), death, or December 31, 2005, whichever came first. Cox proportional hazard models were employed to compute the incidence rate ratios (RR). Potential confounding variables, including age, education, number of siblings, age at menarche, menopausal status, parity, and age at first birth were controlled for, in the final model. Adjustment for family income, BMI, smoking, passive smoke exposure, or alcohol consumption did not result in material changes of the observed associations, and were therefore not included in the final model. Women who reported having no family members with any cancers were treated as the reference group. All the analyses were performed in SAS 8.02 (SAS Institute Inc., Cary, NC). All tests were two-sided, with the significance level of 0.05.
Results
Compared to other women in the cohort, breast cancer patients were generally younger at the age of menarche and older at the time of first birth, and had fewer numbers of children and higher educational levels ( Table 1 ). The distributions of age, tobacco smoking, alcohol consumption, and menopausal status at baseline were similar in breast cancer patients and the larger cohort.
A family history of any cancer, overall, was associated with no increased risk of breast cancer (RR = 1.09, 95% CI: 0.91-1.31). However, the risk increased significantly in women having a family history of breast cancer (RR = 1.74, 95% CI: 1.10-2.73). The risk was greater when the relative affected with breast cancer was a parent (RR = 2.28, 95% CI: 1.31-3.97) than a sibling (RR = 1.23, 95% CI: 0.58-2.60). A significantly increased risk was observed in women having a family history of leukemia (RR = 2.06, 95% CI: 1.02-4.15). An elevated risk with borderline significance was also observed for those with an overall family history of cancer of the lung (RR = 1.34, 95% CI: 0.96-1.87) and bladder (RR = 2.04, 95% CI: 0.96-4.30). For lung cancer, the excess risk was restricted to those with an affected parent. The risk estimates were attenuated when cohort members who smoked were excluded from the analysis (RR = 1.10, 95% CI: 0.92-1.33 for those who reported having a first-degree relative diagnosed with lung cancer and RR = 1.77, 95% CI: 1.13-2.77 for those whose relative was diagnosed with bladder cancer) ( Table 2) .
When stratified by age at diagnosis of the breast cancer among cohort members (Table 3) , an increased risk associated with family history was generally observed in younger women. Among women younger than 55 years of was associated with an increased risk of breast cancer, but it was based on one exposed case. Among women who were aged 55 years or older, the only significant association was observed for those with a family history of leukemia in siblings (RR = 3.17; 95% CI: 1.01-9.94). Similar results were observed after excluding the patients diagnosed within the first year of follow-up (data not shown).
Discussion
Findings from the SWHS support a role for family history of cancer in the development of breast cancer, mainly in early onset breast cancers. Among women who were younger than 55 years old, the risk of breast cancer was associated with a family history of cancer overall and cancers of the breast, esophagus, and lung. We estimated that among this large population of Chinese women, about 2.2% of incident breast cancer cases could be attributable to having a family history of cancer in first-degree relatives in general, and 1.4% to having a family history of breast cancer in first-degree relatives specifically. A number of studies have reported a positive association between breast cancer and family history of breast cancer [7, 9, 16, 18, 35] . Our results are consistent with previous findings. Two separate meta-analyses of 52 and 74 breast cancer studies demonstrated a 1.3-to 3.3-fold increased risk of breast cancer associated with having one affected first-degree relative [9, 28] . The meta-analyses also provided evidence that the magnitude of breast cancer risk typically increases with the decreasing age of the index case and increases with the report of additional affected p heterogenity Na Na a Adjusted for education, age at first birth, age at menarche, menopausal status, age at menopause, parity, and number of siblings and children * Age was categorized as \45, 45-49, 50-54, for \55 analysis and 55-59, 60-64, and [65 for the B55 analysis relatives [9, 28] . Although we were able to demonstrate a greater risk of early onset breast cancer associated with a family history of breast cancer, we did not observe a significant trend in increasing risk with the number of affected first-degree relatives. The number of cases who reported a family history of breast cancer was small in this cohort. Family history reflects both shared genetics and environmental factors. The association between breast cancer and a family history of breast cancer observed in our study may be partially attributed to inherited genetic susceptibility. A number of genes that have been identified during the past 10 years, most notably the BRCA1 and BRCA2 genes, have been linked to breast carcinogenesis [1, 8, 11, 12, 26] . Mutations in BRCA1 and BRCA2 are associated with 10-fold or more increased risk of breast cancer [12] . Furthermore, the proportion of breast cancers in young patients accounted for, by these high risk genes is considerably higher [12] . This is consistent with our results that an increased risk associated with family history was more pronounced among younger women, indicating a stronger influence of family history in early onset breast cancer cases. Although mutation and other alterations in these genes are not common (less than 5%) [12] , there is evidence that prevalence varies in the U.S. population by racial/ethnic status [21] . Asian Americans have been shown to have the lowest prevalence of BRCA1 mutations compared to African American, Hispanic, and non-Hispanic white women [21] . However, a relatively higher prevalence of 7-8% was reported previously for Chinese women from Singapore with early onset breast cancer [36] . As such, the prevalence of predisposing mutations can be higher in populations that have lower cancer risk than in populations with overall higher risk. It is subsequently important to note that in addition to these high risk genes, other shared genetic, lifestyle, and environmental factors may also play a role in familial breast cancers.
In the SWHS, we found that a family history of cancers of the esophagus, lung, and leukemia in first-degree relatives was also associated with the risk of breast cancer. Two previous case-control studies have reported that family history of esophageal cancer is associated with the risk of breast cancer [10, 13] , and one of the studies found that the risk was mainly seen in early onset breast cancers, which is consistent with our finding [10] . Although, no studies have reported that family history of lung cancer is associated with early onset breast cancer, two case-control studies found that non-smoking lung cancer was associated with a family history of breast cancer [25, 39] . Both lung cancer and esophageal cancer are considered to be smoking-related cancers. However, the results from previous studies of lung cancer in non-smoking populations [25] , along with results from the current cohort of mainly nonsmokers, do not support the notion that shared smoking exposure is responsible for the link between breast cancer risk and family history of lung and esophageal cancers. Since the risk associated with a family history of cancers of the lung and esophagus in our study was mainly seen in parents and in early onset breast cancer patients, it may indicate that certain inherited genetic susceptibility rather than shared environmental factors play an important role in the link between breast cancer and cancers of the lung and esophagus.
Breast cancer and leukemia have been linked within families that have rare germ-line mutations in either the p53 gene (Li-Fraumeni Syndrome) [24] or ataxia telangiectasia gene [37] , which support the association between family history of leukemia and breast cancer observed in the current study. Since a statistically significant increased risk was mainly seen in older breast cancer patients with siblings having leukemia, the role of environment cannot be ruled out. While no previous study has reported an association between family history of leukemia and breast cancer risk, a recent case-control study reported a positive association between family history of breast cancer and leukemia [29, 37] .
In addition to family history of cancers of breast, lung, esophagus, and leukemia, family history of several other cancer types have been inconsistently linked to the risk of breast cancer. These include cancers of the colon, prostate, thyroid, gallbladder, cervix uteri, and ovary, as well as Hodgkin's disease, and non-Hodgkin lymphoma [4, 15, 23, 30, 31] . The underlying mechanisms that link breast cancer and non-breast cancers in families are currently unclear. Studies of these families may provide helpful clues for the etiology of breast cancer.
Several strengths of this study lend confidence to our findings. The prospective study design and high participation rate minimized recall and selection biases. However, information on family history of cancer was collected from subjects' recall and no further efforts have been made to contact the relatives to verify the diagnosis. Since the information was collected before the disease onset, if there is a bias resulting from subjects' inaccurate recall, it is likely to be non-differential and may result in an underestimation of the observed association. Furthermore, there is a possibility of under-reporting of family history of cancer due to under-diagnosis, limited communication about cancer in families, etc. As such, the findings are likely to be conservative. In addition, a number of comparisons have been made in this study, and chance alone may account for some of the associations.
In conclusion, the current study supports the relationship between family breast cancer history and early onset of breast cancer. The link between breast cancer and family history of cancer of the lung, esophagus, and leukemia may be due to some common genetic susceptibilities. Further studies of these families may be helpful in identifying clues to risk of both familial and sporadic breast cancer.
